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(57) A friction agitation jointing method of workpiec- 
es for subjecting the workpieces made of metals having 
deformation resistance or melting points different from 
each other to friction agitation jointing in which two of 
the workpieces are subjected to the friction agitation 



jointing while forming a peak of friction agitation force or 
temperature on a side of the workpiece having a larger 
or a higher one of the deformation resistance or the melt- 
ing points relative to a bond interface between the two 
workpieces. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention: 5 

[0001] The present invention relates to a friction agi- 
tation jointing method of metal workpieces used in var- 
ious fields of transportation apparatus and heavy and 
light electric machines. 

2. Description of the Related Art: 

[0002] In recent times, a jointing method referred to 
as friction agitation jointing method has been reduced 
into practice. According to the friction agitation jointing 
method, workpieces are jointed together by solid phase 
bonding in which a rotor (1) as shown by Fig. 8 is used 
as a tool. According to the rotor (1 ), a front end axial 
core portion of a cylindrical rotor main body (2) is coax- 
ially and integrally projected with a friction agitation 
probe (3) in a pin-like shape having a diameter smaller 
than that of the cylindrical rotor main body (2) and the 
rotor (1) is fabricated by a material such as steel which 
is hard and excellent in heat resistance. Further, al- 
though illustration is omitted, recesses and protrusions 
for agitation are formed on the surface of the probe (3). 
[0003] In jointing operation, while the rotor (1 ) is being 
rotated around its own axis, the front end of the probe 
(3) is brought into contact with an abutment boundary 
portion (53) between workpieces (51) and (52) in a 
pressed state and the contact portion is softened and 
plasticized by the frictional heat. Further, the rotor (1) is 
pressed further to the workpieces (51) and (52), the 
probe (3) is embedded in the wall thickness direction of 
the workpieces (51 ) and (52) and a shoulder portion (4) 
at the front end of the cylindrical rotor main body (2) is 
brought into contact with the workpieces (51) and (52) 
in a pressed state. Thereafter, while maintaining the 
state, the rotor (1) is moved along the abutment bound- 
ary portion (53) between the workpieces (51) and (52). 
At the abutment boundary portion where the rotor (1) 
passes, the surrounding material is softened and agitat- 
ed by the frictional heat caused by rotation of the rotor 
(1 ), further, after the material has been plastically flowed 
to embed a groove produced by passing the probe (3) 
while scattering of the material is being restricted by the 
shoulder (4) of the cylindrical rotor main body (2), the 
material loses rapidly the heat and cooled and solidified. 
In this way, softening, adhesion, deformation, agitation, 
cooling and solidification of the material at the abutment 
portion (53) are successively repeated in accordance 
with movement of the rotor (1 ) and the workpieces (51 ) 
and (52) are integrated together at the abutment portion 
(53) and are successively jointed (58). 
[0004] The friction agitation jointing method is consid- 
erably expected to achieve power in jointing metal work- 
pieces in view of a point that the workpieces (51) and 



(52) are jointed together in a softened state without melt- 
ing the material and the joint portion is difficult to under- 
go metallurgical effect caused by a heat affected zone 
as in welding. 

[0005] However, according to the friction agitation 
jointing method, there poses the following problem 
when metal workpieces having different deformation re- 
sistance and metal workpieces having different melting 
points are jointed. 

[0006] That is, in the case of jointing together the met- 
al workpieces having different deformation resistance, 
when jointing operation is carried out by exerting an 
abutment portion with an agitation force necessary for 
sufficiently plastically flowing a workpiece having larger 
deformation resistance, plastic flow of the workpieces 
having the larger deformation resistance becomes dom- 
inant at the abutment portion and there is caused a 
drawback in which a uniform agitation jointing state of 
members for use cannot be achieved. Meanwhile, when 
jointing operation is carried out by exerting small agita- 
tion force to the abutment portions, although a work- 
piece having smaller deformation resistance is plastical- 
ly flowed, the plastic flow of a workpiece having larger 
deformation resistance becomes insufficient and there 
causes a drawback in which excellent jointing state can- 
not also be achieved. 

[0007] Meanwhile, in the case of jointing together 
metal workpieces having different melting points, when 
jointing operation is carried out by elevating temperature 
of the joint portion to softening temperature of a work- 
piece having higher melting point, melting is caused in 
a workpiece having lower melting point at the tempera- 
ture and solid phase bonding is not established and 
there causes a drawback in which a metallurgical effect 
caused by a heat affected zone of the joint portion is 
resulted. Meanwhile, when jointing operation is carried 
out by elevating temperature of the joint portion to sof- 
tening temperature of a workpiece having lower melting 
point, softening of a workpiece having higher melting 
point becomes insufficient, agitation of materials is not 
carried out excellently and there causes a drawback in 
which firm bonding cannot be achieved. 

SUMMARY OF THE INVENTION 

[0008] It is a first object of the invention to provide a 
friction agitation jointing method capable of firmly joint- 
ing together workpieces made of metals having different 
deformation resistance with excellent quality. 
[0009] It is a second object of the invention to provide 
a friction agitation jointing method capable of firmly joint- 
ing together workpieces made of metals having different 
melting points with excellent quality. 
[0010] The above-described object is resolved by a 
friction agitation jointing method of workpieces made of 
metals for subjecting the workpieces made of the metals 
having deformation resistance different from each other 
to friction agitation jointing wherein the two workpieces 
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are brought into the friction agitation jointing while form- 
ing a peak of a friction agitation force on a side of one 
of the workpieces having a larger one of the deformation 
resistance relative to a bond interface between the two 
workpieces. 

[0011] That is, on a premise that according to friction 
agitation jointing, two workpieces are jointed together in 
a solid phase without causing a molten state at a bond 
interface between the two workpieces, the two work- 
pieces are subjected to the friction agitation jointing 
while forming the peak of the friction agitation force on 
the side of the workpiece having the larger deformation 
resistance relative to the bond interface of the two work- 
pieces by which sufficient plastic flow is ensured in re- 
spect of the workpiece having the larger deformation re- 
sistance. Although the friction agitation force is reduced 
in accordance with reaching the bond interface, a value 
of the peak of the friction agitation force is set such that 
the friction agitation force for causing sufficient plastic 
flow also in respect of the workpiece having the smaller 
deformation resistance is ensured. Thereby, materials 
of the two workpieces are uniformly agitated at the bond 
interface between the two workpieces, the two materials 
are uniformly mixed together and the workpieces made 
of the metals having different deformation resistance 
are jointed with excellent quality and firmly. 
[001 2] Further, when the workpieces made of the met- 
als having different deformation resistance are brought 
into an abutted state and the two workpieces are sub- 
jected to the friction agitation jointing, a rotating probe 
is arranged in a state in which the rotating probe is dis- 
placed to and embedded in the side of the workpiece 
having larger deformation resistance in respect of an 
abutted portion and the workpieces are subjected to the 
friction agitation jointing while moving at least the probe 
or the workpieces under the state by which the work- 
pieces can excellent be jointed together while forming 
the peak of the friction agitation force on the side of the 
workpiece having larger deformation resistance. 
[001 3] Further, when the workpieces made of the met- 
als having different deformation resistance are brought 
into an overlapped state and the two workpieces are 
subjected to the friction agitation jointing, a rotating 
probe is arranged in a state in which the rotating probe 
is embedded in an overlapped portion from the side of 
the workpiece having larger deformation resistance and 
the workpieces are subjected to friction agitation bond- 
ing while moving at least the probe or the workpieces 
under the state by which the two workpieces can excel- 
lently be jointed together while forming the peak of the 
friction agitation force on the side of the workpiece hav- 
ing higher deformation resistance relative to the bond 
interface of the two workpieces. 
[0014] Further, the above-described object can also 
be achieved by a friction agitation jointing method of 
workpieces made of metals which is a friction agitation 
jointing method of workpieces made of metals different 
from each other for subjecting the workpieces made of 



the metals having melting points different from each oth- 
er to friction agitation jointing wherein two of the work- 
pieces are subjected to the friction agitation jointing 
while forming a peak of a temperature on a side of one 
5 of the workpiece having a higher one of the melting 
points relative to a position of portions of the two work- 
pieces at which the two workpieces are brought into con- 
tact with each other. 

[0015] That is, on the premise that according to the 

f o friction agitation jointing, the two workpieces are jointed 
together in a solid phase without causing a melted state 
at portions of the two workpieces which are bought into 
contact with each other, the two workpieces are bought 
into friction agitation jointing while forming the peak of 

15 the temperature on the side of the workpiece having a 
higher melting point relative to the position of the por- 
tions of the two workpieces which are brought into con- 
tact with each other by which the workpiece having the 
high melting point is softened with a higher degree over 

20 a wide range and materials of the two workpieces are 
excellently agitated by operation of the jointing tool. Ac- 
cordingly, the workpieces made of the metals having dif- 
ferent melting points are jointed together with excellent 
quality and firmly. 

25 [0016] In this case, an ideal solid phase joint portion 
is obtained by subjecting the two workpieces to the fric- 
tion agitation jointing while controlling a temperature of 
the portions of the two workpieces which are brought 
into contact with each other at a temperature equal to 

30 or higher than the recrystallization temperature of the 
workpiece having the low melting point and less than 
the melting temperature of the workpiece having the 
lower melting point. 

[001 7] Further, when the workpieces made of the met- 
35 als having different melting points are brought into an 
abutted state, a rotating probe is arranged in a state in 
which the rotating probe is displaced to and embedded 
in the side of the workpiece having the high melting point 
relative to an abutted portion and the workpiece is sub- 
40 jected to the friction agitation jointing while moving at 
least the probe or the workpieces under the state, for- 
mation of the temperature peak mentioned above can 
easily be realized. 

[001 8] Further, also when the workpieces made of the 
45 metals having different melting points are arranged in 
an overlapped state, a rotating probe is arranged in a 
state in which the rotating probe is embedded in an over- 
lapped portion from the side of the workpiece having 
higher melting point and the workpieces are subjected 
50 to the friction agitation jointing while moving at least the 
probe or the workpieces under the state, formation of 
the temperature peak mentioned above can easily be 
realized. 

[0019] Otherwise, formation of the temperature peak 
55 can be realized also by separately heating and/or cool- 
ing the workpieces. Particularly, in the case in which for- 
mation of the temperature peak is difficult only by way 
of operating the jointing tool due to the thermal conduc- 
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tivity of the workpiece, this method is an extremely ef- 
fective method. 

[0020] Other objects, features and advantages of the 
invention will be understood further excellently by the 
following description in reference to attached drawings. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Fig. 1 is a sectional view showing a first embodi- 
ment when two workpieces are abutted and jointed; 
Fig. 2 is a sectional view showing a second embod- 
iment when two workpieces are overlapped and 
jointed; 

Figs. 3A and 3B show a third embodiment in which 
Fig. 3A is a sectional view of workpieces in jointing 
and Fig. 3B is a graph showing a temperature profile 
thereof; 

Figs. 4A and 4B show a case in which a method of 
the third embodiment is applied to a fourth embod- 
iment as it is in which Fig. 4A is a sectional view of 
workpieces in jointing and Fig. 4B is a graph show- 
ing a temperature profile thereof; 
Fig. 5 is a graph showing an ideal temperature pro- 
file; 

Figs. 6A and 6B show a fifth embodiment in which 
Fig. 6A is a sectional view of workpieces in jointing 
and Fig. 6B is a graph showing a temperature profile 
thereof; 

Figs. 7A and 7B show a comparative example in 
contrast to the third embodiment in which Fig. 7A is 
a sectional view of workpieces in jointing and Fig. 
7B is a graph showing a temperature profile thereof; 
and 

Fig. 8A is a sectional view showing a friction agita- 
tion jointing method and Fig. 8B is a plane view 
showing the friction agitation jointing method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] According to a first embodiment, as metal 
workpieces having different deformation resistance, a 
workpiece made of pure aluminum of JIS (Japanese In- 
dustrial Standards) 1100 (hereinafter, referred to as 
pure Al series workpiece) and a workpiece made of JIS 
5083 aluminum alloy which is an Al-Mg series alloy 
(hereinafter, referred to as Al-Mg series workpiece) are 
brought into an abutted state and subjected to friction 
agitation jointing. The deformation resistance of the 
pure aluminum series workpiece is 4 kg/mm 2 and that 
of Al-Mg series is 16 kg/mm 2 . 

[0023] As shown by Fig. 1 , an Al-Mg series workpiece 
(6) and a pure aluminum series workpiece (7) are 
brought into an abutted state and the rotor (1 ) which is 
a jointing tool is operated to displace from an abutment 
portion (bond interface) (8) between the two workpieces 



(6) and (7) to the side of the Al-Mg series workpiece (6) 
having higher deformation resistance to thereby carry 
out friction agitation jointing. Thereby, in the friction ag- 
itation jointing operation, a peak of friction agitation 
force is formed to dispose on the side of the Al-Mg series 
workpiece (6) relative to the abutment portion between 
the two workpieces (6) and (7). The friction agitation 
force becomes smaller as being adjacent to the abut- 
ment face. Further, by selecting rotational speed of the 
rotor (1) or an interval distance between a position of 
the abutment portion (8) between the workpieces (6) 
and (7) and a rotational center of the rotor (1 ), the friction 
agitation force at the abutment portion (8) between the 
two workpieces (6) and (7) is set to be larger than a value 
necessary for plastic flow of the pure aluminum series 
workpiece (7) which is a workpiece having smaller de- 
formation resistance. 

[0024] By carrying out the friction agitation jointing in 
this way, the Al-Mg series workpiece (6) having larger 
deformation resistance is exerted with the friction agita- 
tion force larger than that exerting on the abutment por- 
tion (8) and accordingly, an agitation region is formed 
over a wide range and sufficient plastic flow is produced. 
Further, the bond interface between the two workpieces 
is exerted with friction agitation force pertinent for the 
two workpieces, the two workpieces are uniformly mixed 
and there is achieved a firm solid phase bond portion 
which is excellent in quality with no adverse metallurgi- 
cal effect. From the start, temperature in jointing is less 
than the melting point and accordingly, no thermal effect 
is resulted as in the case of molten welding. 
[0025] Fig. 2 shows a second embodiment of the in- 
vention. According to the embodiment, a metal work- 
piece (11) having smaller deformation resistance and a 
metal workpiece (12) having larger deformation resist- 
ance are brought into an overlapped state and subjected 
to friction agitation jointing. In this case, as shown by 
the drawing, jointing is carried out by operating the rotor 
(1 ) from the side of the workpiece (12) having larger de- 
formation resistance to reach the wall of an overlapped 
portion between the two workpieces (11) and (12). Ac- 
cording to the friction jointing operation, a peak of the 
friction agitation force is formed on the side of the work- 
piece (1 2) into which the probe (3) is embedded in a wall 
thickness penetrating state. Further, the friction agita- 
tion force at an overlapped portion (13) (bond interface) 
between the two workpieces (11) and (12) is set to be 
larger than a value necessary for causing plastic flow in 
the workpiece (12) having larger deformation resistance 
by selecting the rotational speed of the rotor (11) or a 
shape of the probe (3) of the rotor (1 ). 
[0026] By carrying out the friction agitation jointing in 
this way, the Al-Mg series workpiece (6) having larger 
deformation resistance is exerted with the friction agita- 
tion force larger than that exerted on the overlapped por- 
tion (13) and accordingly, an agitation region is formed 
over a wide range and sufficient plastic flow is caused. 
Further, the bond interface between the two workpieces 
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is exerted with friction agitation force pertinent for the 
two workpieces, the two workpieces are mixed together 
uniformly and there is achieved a firm solid phase bond 
portion which is excellent in quality with no adverse met- 
allurgical effect. 5 
[0027] Fig. 3 shows a third embodiment of the inven- 
tion. According to the third embodiment, a workpiece 
made of copper and a workpiece made of aluminum are 
brought into an abutted state and subjected to friction 
agitation jointing. The melting point of copper is 1 083 °C 
and that of aluminum is 660 °C. Further, thermal con- 
ductivity of the copper workpiece is higher than that of 
the aluminum workpiece. 

[0028] As shown by Fig. 3A, the copper workpiece 
(60) and the aluminum workpiece (70) are brought into 
an abutted state and friction agitation jointing is carried 
out by operating to deviate the rotor (1 ) which is a joint- 
ing tool to the side of the copper workpiece (60) which 
is a high melting point workpiece relative to a position 
of an abutment portion between the two workpieces (60) 
and (70). Thereby, as shown by Fig. 3B, temperature 
peak Tp is formed to dispose on the side of the copper 
workpiece (60) relative to the position of the abutment 
portion between the two workpieces (60) and (70). In 
the friction agitation jointing operation, by selecting the 
rotational speed of the rotor (1 ) and an interval distance 
between the position of the abutment portion (80) be- 
tween the workpieces (60) and (70) and the rotational 
center of the rotor (1), temperature Tj at the abutment 
portion (80) between the two workpieces (60) and (70) 
is preferably set to about 400 °C which is the recrystal- 
lization temperature of the aluminum workpiece (70) 
constituting the low melting point workpiece. Further, the 
peak temperature Tp is preferably set to be equal to or 
higher than the recrystallization temperature and less 
than the melting temperature of the copper workpiece 
(60) constituting the high melting point workpiece, more 
preferably, substantially the recrystallization tempera- 
ture of the copper workpiece (60) constituting the high 
melting point workpiece. By carrying out the friction ag- 
itation jointing in this way, in the jointing operation, ma- 
terials of the workpieces (60) and (70) are not melted at 
the abutment portion (80), further, a softening region is 
formed over a wide range in the copper workpiece (60) 
having high melting point to thereby excellently agitate 
the materials of the two workpieces (60) and (70) and 
there is provided a firm solid phase bond portion which 
is excellent in quality with no adverse metallurgical ef- 
fect. Particularly, by operating the rotor (1 ) to deviate to 
the side of the high melting point workpiece (60) relative 
to the position of the abutment portion (80) between the 
two workpieces (60) and (70), a larger portion of the ma- 
terial on the side of the high melting point workpiece (60) 
is excellently agitated and a firm joint portion is provided. 
Further, the temperature of the operation is less than the 
melting temperature and accordingly, the high melting 
point copper workpiece (60) does not undergo adverse 
thermal effect as in the case of molten welding. 



[0029] Incidentally, as shown by Fig. 7A, when the 
copper workpiece (60) and the aluminum workpiece 
(70) are brought into an abutted state and jointing oper- 
ation is carried out by operating the rotor (1 ) to coincide 
with the position of the abutment portion (80) between 
the two workpieces (60) and (70), melting is caused in 
the low melting temperature aluminum workpiece (70) 
at the abutment portion (80) and jointing by friction ag- 
itation jointing, that is, jointing in a solid phase state is 
not established. A temperature profile in this case is 
shown by Fig. 7B. 

[0030] Fig. 4 shows a fourth embodiment of the inven- 
tion. According to the fourth embodiment, a workpiece 
made of iron and a workpiece made of aluminum are 
brought into an abutted state and are subjected to fric- 
tion agitation jointing. The melting point of the iron work- 
piece is higher than that of the aluminum workpiece. 
Further, the thermal conductivity of the iron workpiece 
is lower than that of the aluminum workpiece different 
from the case of the first embodiment. 
[0031] In this case, as shown by Fig. 4A, jointing is 
not established excellently only by exerting the rotor (1 ) 
to deviate to the side of the iron workpiece (90) consti- 
tuting the high melting point workpiece relative to the 
position of the abutment portion (80) between the two 
workpieces (70) and (90). That is, according to a tem- 
perature profile in this case, as shown by Fig. 4B, heat 
is difficult to conduct to the abutment portion (80) be- 
tween the two workpieces (90) and (70) owing to the low 
thermal conductivity of the iron workpiece (90) and ac- 
cordingly, the abutment portion (80) is not brought into 
a state of softening temperature suitable for friction ag- 
itation jointing and materials or the two workpieces (70) 
and (90) are not agitated together. 
[0032] The fourth embodiment shows the friction ag- 
itation jointing method in such a case in which temper- 
atures of the workpieces (70) and (90) are separately 
controlled. That is, according to an ideal temperature 
profile for subjecting workpieces made of metals having 
different melting points to friction agitation jointing, gen- 
erally speaking, there is satisfied a condition in which as 
shown by Figs 5, temperature peak Tp is formed to dis- 
pose on the side of the high melting point workpiece (70) 
relative to the position of the abutment portion (80) be- 
tween the two workpieces (70) and (90), more prefera- 
bly, temperature Tj at the abutment portion (80) between 
the two workpieces (70) and (90) is equal to or higher 
than the recrystallization temperature and less than the 
melting temperature of the low melting point workpiece 
(70), preferably, substantially the recrystallization tem- 
perature, more preferably, the peak temperature Tp is 
equal to or higher than the recrystallization temperature 
and less than the melting temperature of the high melt- 
ing point workpiece (90), preferably, substantially the re- 
crystallization temperature. In the jointing operating, in 
order to form such a temperature profile, for example, 
the iron workpiece (90) or the aluminum workpiece (70) 
is heated by heating means such as a burner or cooled 
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by cooling means by blowing air at jointing or in jointing. 
Thereby, during the jointing operation, materials of the 
workpieces (70) and (90) are not melted at the abutment 
portion (80), further, a softening region is formed over a 
wide range in the high melting point iron workpiece (90), 5 
materials of the two workpieces (70) and (90) are excel- 
lently agitated and there is achieved a firm solid phase 
bond portion which is excellent in quality with no adverse 
metallurgical effect. In this case, the rotor (1) may be 
operated to deviate to the side of the high melting point 
workpiece (90) relative to the abutment portion (80) be- 
tween the two workpieces (70) and (90) or may be op- 
erated to coincide with the position of the abutment por- 
tion (80) between the two workpieces (70) and (90). Fur- 
ther, heating or cooling operation in the embodiment 
may be applied to the case of the first embodiment men- 
tioned above. 

[0033] Figs. 6A and 6B show a fifth embodiment of 
the invention. According to the fifth embodiment, as 
shown by Fig. 6A, the low melting point metal workpiece 
(110) and the high melting point metal workpiece (120) 
are brought into an overlapped state and is subjected to 
friction agitation jointing. In this case, as shown in the 
drawing, the jointing operation is carried out by operat- 
ing the rotor (1) from a side of the high melting point 
workpiece (120) opposed to the low melting point work- 
piece (110) to reach the walls of the two workpieces 
(110) and (120). A temperature profile in jointing is 
shown by Fig. 6B. As shown by the drawing, the tem- 
perature peak Tp is formed on the side of the high melt- 
ing point workpiece (1 20) having a larger area of contact 
with the rotor (1 ). In the friction jointing operation, by se- 
lecting the rotational speed of the rotor (1 ) or the shape 
of the probe (3) of the rotor (1), temperature Tj at the 
overlapped portion (1 30) between the two workpieces 
(110) and (120) is set to temperature equal to or higher 
than the recrystallization temperature and less than the 
melting temperature of the low melting point workpiece 
(110), preferably, substantially the recrystallization tem- 
perature. Further, the peak temperature Tp is set to tem- 
perature equal to or higher than the recrystallization 
temperature and less than the melting temperature of 
the high melting point workpiece (120), preferably, sub- 
stantially the recrystallization temperature. By carrying 
out the friction agitation jointing in this way, in the jointing 
operation, materials of the two workpieces (110) and 
(1 20) are not melted at the overlapped portion (1 30), fur- 
ther, a softening region is formed over a wide range at 
the high melting point workpiece (120), the materials of 
the two workpieces (110) and (120) are excellently agi- 
tated and there is achieved a firm solid phase bond por- 
tion which is excellent in quality with no adverse metal- 
lurgical effect. 

[0034] Although as mentioned above, the embodi- 
ments of the present invention have been shown, the 
invention is not limited thereto but various modifications 
are feasible. For example, the jointing method for the 
invention is not limited to that of an abutment joint or an 



overlap joint but is widely used in various joint style such 
as a T joint. Further, the invention is not limited to jointing 
of a pure Al series workpiece and an Al-Mg series work- 
piece, a copper one and an aluminum one and an iron 
one and an aluminum one but can widely be used in 
jointing various workpieces having different deformation 
resistance or melting points. So far as deformation re- 
sistance or melting points differ, two workpieces may be 
of the same kind or of different kinds. 
[0035] Further, in jointing workpieces having different 
melting points, in the case in which jointing operation is 
carried out by separately using heating means and cool- 
ing means, as heating means or cooling means, various 
means may be used other than means explained above. 
Further, also in respect of a method of forming temper- 
ature peak in the embodiments, various methods may 
be adopted other than described above. 

EXAMPLES 

(Example 1) 

[0036] A pure Al series workpiece of JIS 1100 having 
the length of 200 mm, the width of 1 00 mm and the thick- 
ness of 4 mm and an Al-Mg series workpiece of JIS 5083 
having the same dimensions are abutted together at end 
faces thereof in the width direction. 
[0037] Meanwhile, a jointing tool having a rotor with 
the shoulder diameter of 12 mm, the probe diameter of 
4 mm, and the probe length of 4 mm is prepared. 
[0038] Further, while rotating the rotor and the probe 
of the jointing tool at 1000 rpm, the probe is embedded 
at a position displaced from an abutment portion be- 
tween the two workpieces to the side of the Al-Mg series 
workpiece by 4 mm and the jointing tool is moved along 
the abutment portion to thereby carry out friction agita- 
tion jointing. Materials of the rotor and the probe are 
SKD61. 

[0039] When after the operation, rupture strength of 
the joint portion between the workpieces is investigated, 
it is found to be 90 N/mm 2 , 

[0040] In contrast thereto, friction agitation jointing is 
carried out under the same conditions mentioned above 
except that the probe is inserted to the abutment portion 
between the two workpieces and when the rupture 
strength of the joint portion between the workpieces is 
investigated, it is found to be 50 N/mm 2 . 

(Example 2) 

[0041 ] Two workpieces the same as described are ar- 
ranged in an overlapped state. Further, a jointing tool 
the same as that in Example 1 except that the length of 
the probe is set to 7mm is used and while rotating the 
probe at a rotational number the same as that in Exam- 
ple 1 , the probe is embedded from the side of the Al-Mg 
series workpiece in overlapping direction. Further, un- 
der the state, the tool is moved along the length direction 
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of two of the workpieces to be jointed are made of 
an aluminum series material. 

5. The friction agitation jointing method of workpieces 
5 made of metals according to Claim 2, wherein the 

probe is installed at a rotor having a diameter lager 
than a diameter of the probe, the rotor is provided 
with a flat shoulder portion and the jointing is carried 
out by pressing the shoulder portion to the work- 
io pieces. 

6. The friction agitation jointing method of workpieces 
made of metals according to Claim 3, wherein the 
probe is installed at a rotor having a diameter lager 

15 than a diameter of the probe, the rotor is provided 
with a flat shoulder portion and the jointing is carried 
out by pressing the shoulder portion to the work- 
pieces. 

20 7. A friction agitation jointing method of workpieces 
made of metals which is a friction agitation jointing 
method of workpieces made of metals different from 
each other for subjecting the workpieces made of 
the metals having melting points different from each 

25 other to friction agitation jointing: 

wherein two of the workpieces are subjected 
to the friction agitation jointing while forming a peak 
of a temperature on a side of one of the workpiece 
having a higher one of the melting points relative to 

30 a position of portions of the two workpieces at which 
the two workpieces are brought into contact with 
each other. 

8. The friction agitation jointing method of workpieces 
35 made of metals according to Claim 7, wherein the 

two workpieces are brought into the friction agita- 
tion jointing while controlling a temperature of the 
portions of the two workpieces at which the two 
workpieces are brought into contact with each other 
40 to a temperature equal to or higher than a recrys- 
tallization temperature of one of the workpieces 
having a lower one of the melting points and less 
than a melting temperature of the workpieces hav- 
ing the lower melting point. 

45 

9. A friction agitation jointing method of workpieces 
made of metals, wherein the workpieces made of 
the metals having melting points different from each 
other are brought into an abutted state, a rotating 

50 probe is arranged in a state in which the rotating 
probe is displaced to and embedded in a side of one 
of the workpieces having a higher one of the melting 
points relative to an abutted portion and the work- 
pieces are subjected to friction agitation jointing 

55 while moving at least the probe or the workpieces 
under the state. 



of the workpiece and friction agitation jointing is carried 
out. 

[0042] After the jointing operation, when the rupture 
strength of the joint portion between the workpieces is 
investigated, it is found to be 60 N/mm 2 . 
[0043] In contrast thereto, friction agitation jointing is 
carried out under conditions the same as above-de- 
scribed except that the probe is embedded from the side 
of the pure Al series workpiece and when rupture 
strength of the joint portion between the workpieces is 
investigated, it is found to be 40 N/mm 2 . 
[0044] Terminology and description used here are 
used for explaining one of the embodiments according 
to the invention and the invention is not limited thereto. 
The invention permits any design change so far as it is 
in the scope of claims unless it is not deviated from the 
spirit of the invention. 



Claims 

1. A friction agitation jointing method of workpieces 
made of metals for subjecting the workpieces made 
of the metals having deformation resistance differ- 
ent from each other to friction agitation jointing: 

wherein the two workpieces are brought into 
the friction agitation jointing while forming a peak of 
a friction agitation force on a side of one of the work- 
pieces having a larger one of the deformation re- 
sistance relative to a bond interface between the 
two workpieces. 

2. A friction agitation jointing method of workpieces 
made of metals, wherein the workpieces made of 
the metals having deformation resistance different 
from each other are arranged in an abutted state, a 
rotating probe is arranged in a state in which the 
rotating probe is displaced to and embedded in a 
side of one of the workpieces having a larger one 
of the deformation resistance relative to an abutted 
portion and the workpieces are subjected to friction 
agitation jointing while moving at least the probe or 
the workpieces under the state. 

3. A friction agitation jointing method of workpieces 
made of metals, wherein the workpieces made of 
the metals having deformation resistance different 
from each other are arranged in an overlapped 
state, a rotating probe is arranged in a state in which 
the rotating probe is embedded in an overlapped 
portion from a side of one of the workpieces having 
a larger one of the deformation resistance and the 
workpieces are subjected to friction agitation joint- 
ing while moving at least the probe or the workpiec- 
es under the state. 

4. The friction agitation jointing method of workpieces 
made of metals according to Claim 1 , wherein both 



10. A friction agitation jointing method of workpieces 
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made of metals, wherein the workpieces made of 
the metals having melting points different from each 
other are arranged in an overlapped state, a rotating 
probe is arranged in a state in which the rotating 
probe is embedded in an overlapped portion from a 5 
side of one of the workpieces having a higher one 
of the melting points and the workpieces are sub- 
jected to friction agitation jointing while moving at 
least the probe or the workpieces under the state. 



11. The friction agitation jointing method of workpieces 
made of metals according to Claim 7, wherein the 
peak of the temperature is formed by heating and/ 
or cooling the workpieces. 

12. The friction agitation jointing method of workpieces 
made of metals according to Claim 7, wherein the 
two workpieces to be jointed are made of a copper 
series material and an aluminum series material. 

13. The friction agitation jointing method of workpieces 
made of metals according to Claim 7, wherein the 
two workpieces to be jointed are made of an iron 
series material and an aluminum series material. 

14. The friction agitation jointing method of workpieces 
made of metals according to Claim 7, wherein both 
of the workpieces to be jointed are made of an alu- 
minum series material. 
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15. The friction agitation jointing method of workpieces 
made of metals according to Claim 9, wherein the 
probe is installed at a rotor having a diameter lager 
than a diameter of the probe, the rotor is provided 
with a flat shoulder portion and the jointing is carried 35 
out by pressing the shoulder portion to the work- 
pieces. 

16. The friction agitation jointing method of workpieces 
made of metals according to Claim 1 0, wherein the *o 
probe is installed at a rotor having a diameter lager 
than a diameter of the probe, the rotor is provided 
with a flat shoulder portion and the jointing is carried 
out by pressing the shoulder portion to the work- 
pieces. 45 
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